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PDP1 Architecture

 Von Neumann architecture

 4096 18-Bit core memory

 AC and IO registers 

 18-Bit instructions

 5-bit opcode

 1-bit indirection

 12-bit address





PDP1 Instruction set

 Memory reference instructions

 Arithmetic instructions

 Logic instructions

 General instructions

 Augmented instructions

 Literal instruction

 Shift / rotate instructions

 Skip instructions

 Operate instructions



PDP1 Instruction set



ALU Instructions

add Y 40 add 

sub Y 42 subtract 

mus Y 54 multiply step 

dis Y 56 divide step 

idx Y 44 increment 

isp Y 46 increment and skip if positive

and Y 2 logical and 

xor Y 6 exclusive or 

ior Y 4 inclusive or 



Register Instructions

lac Y 20 load accumulator 

dac Y 24 deposit accumulator 

dap Y 26 deposit address part 

dip Y 30 deposit instruction part 

lio Y 22 load in-out register 

dio Y 32 load in-out register 

dzm Y 34 deposit zero in memory 



Transfer Instructions

xct Y 10 execute 

jmp Y 60 jump 

jsp Y 62 jump and save program counter 

cal Y 16 call subroutiine 

jda Y 17 jump and deposit accumulator 

sad Y 50 skip if accumulator and Y differ 

sas Y 52 skip if accumulator and Y are the 
same 



Shift/Rotate Instructions

sza 640100 skip on zero accumulator 

spa 640200 skip on plus accumulator 

sma 640400 skip on minus accumulator 

azo 641000 skip on zero overflow 

spi 642000 skip on plus io register 

szs    640010-640070 skip on zero switch 

szf 640001-640007 skip of zero program flag 



PDP1 Instruction set



Shift/Rotate Instructions

rar 671 rotate accumulator right 

ral 661 rotate accumulator left 

sar 675 shift accumulator right 

sal 665 shift accumulator left

rir 672 rotate io register right 

ril 662 rotate io register left 

sir 676 shift io register right 

sil 666 shift io register left 

rcr 673 rotate ac and io right 

rcl 663 rotate ac and io left 

scr 677 shift ac and io right 

scl 667 shift ac and io left 



PDP1 Instruction set



Miscelaneous Instructions

iot      72nnnn Input-Output operations

law N 70nnnn load accumulator with N



Deviations from PDP1

 Indirection bit not allowed in memory

 Memory can be incremented and  
decremented

 Shift / rotate one bit at a time

 IO instructions use AC, not IO register

 2’s complement arithmetic, not 1’s 
complement



FPGA Implementation

 Synthesis

 Simulation

 Programming

 Debugging



FPGA Implementation

 Pdp1_chip.vhd

 Pdp1.vhd

 Uart1.vhd

 Gpio.vhd

 Pdp1.lpf











eForth Implementation

 Pdp1.fex

 Meta_pdp1.f

 Asm_pdp1.f

 Kernel_pdp1.f

 Ef_pdp1.f

 Pdp1.mem









Forth Virtual Machine on PDP1

 Hardware registers: AC, IO

 FVM registers: ac, ip, sp, rp, tos, tmp

 Inner interpreters:

next: ip idx ip () jmp

doLIST

EXIT

doVAR

doCON



eForth Inner Interpreter

22 CONSTANT sp

23 CONSTANT rp

24 CONSTANT ip

25 CONSTANT ac

26 CONSTANT tos

27 CONSTANT tmp



eForth Inner Interpreter

next: ip idx ip () jmp 

doLIST: ac dac rp ddx ip lac rp () dac

ac lac ip dac ip () jmp

EXIT: rp () lac ip dac rp idx next 

doCON: ac dac pushs ac () lac tos dac next

doVAR: ac dac pushs ac lac tos dac next



WORDS

:: WORDS ( -- )

CR CONTEXT

BEGIN @ ?DUP

WHILE DUP SPACE .ID 

1-

REPEAT ;;



2527 47522 42123 WORDS

620030 doLIST

602457 CR

600733 CONTEXT

BEGIN

600172 @

600520 ?DUP

600074 4341 WHILE

600235 DUP

602374 SPACE

604233 .ID

600367 1-

600063 4327 REPEAT

600125 EXIT





Demonstrations

: TEST1 1 2 3 4 5 ;

: TEST2 CR .” HELLO, WORLD!” ;

: TEST3 IF 1 ELSE 2 THEN . ;

: TEST4 10 FOR R@ . NEXT ;

: TEST5 10 BEGIN DUP . DUP

WHILE 1- REPEAT DROP ;



Demonstrations

HEX from octal

0 OUT turn on all LED’s

FE OUT turn on LED-1

IN read switches

IN read switches

IN read switches



Last Words

The easiest way 

to design a CPU 

is the eForth way.



Questions?



Thank you very much.


